A novel predictive model is built for eddy propagation trajectory using the 19 multiple linear regression method. This simple model has related various oceanic 20 parameters to eddy propagation position changes in the northern South China Sea 21 (NSCS). These oceanic parameters mainly represent the effects of  and mean flow 22 advection on the eddy propagation. The performance of the proposed model is 23 examined in the NSCS based on twenty five years of satellite altimeter data, and 24
data) at each grid node location ( , x y  ) as: 115 , ( , , ) ( , , ) ( , , )
x y C x y T h x y t h x x y y t T               (1) 116 where x  and y  are the spatial lags and the over bar means time averaging. 117 Second, the position of the maximum correlation at each time lag ( T  ) is identified 118 and a speed can be derived from the time lag and the distance of this position from the 119 origin. Then an average speed vector ( , u v  ) weighted by the correlation coefficients is 120 calculated from the estimates at various time lags as: regression is a linear approach to modeling the relationship between the response and 144 explanatory variables. This classical method has many practical uses in oceanography 145 and meteorology, such as the prediction of Arctic sea ice extent (Zhang, 2015) , the 146 estimation of subsurface salinity profile (Bao et al, 2019) , the estimation of 147 anthropogenic CO 2 accumulation in the Southern Ocean (Matear and McNeil, 2003) , 148 the forecast of typhoon track (Aberson and Sampson, 2003) and intensity (Demaria 149 and Kaplan, 1994) , Maddan-Julian Oscillation forecast (Seo, 2008) , and ENSO 150 prediction (Dominiak and Terray, 2005) . 151 152 In this study, the predictands (dependent variables) are the zonal and meridional 153 displacements at each forecast time from the initial position ( propagation speeds (Fu, 2009) . As shown in Fig. 2a and 2d, the MCC method has 196 mapped the propagation speeds of eddies in the NSCS for the winter and summer anticyclonic eddies in the global ocean, respectively (Chelton et al., 2007) . 217 Theoretically, the phase speed of the first baroclinic Rossby wave is
where the first baroclinic Rossby radius of deformation 1 R is estimated using the 219 climatological GDEM temperature and salinity data. Figure 2b the first baroclinic Rossby deformation radius (Chelton et al, 1998 , Cai et al., 2008 .
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The differences between the satellite observed propagation speed ( Fig. 2a and 2d ) and 230 the propagation speed induced by the  effect ( Fig. 2b and 2e ) in winter and 231 summer are shown in Fig. 2c and 2f, respectively, which may represent the the Luzon Island ( Fig. 2c ). Due to the weak cyclonic gyre in the NSCS, the spatial 240 correspondence in summer is not as obvious as that in winter ( Fig. 2f ). Since the 241 propagation speed induced by the  effect is westward, this tendency is reinforced 242 by the mean flow in the north, but compensated by the mean flow in the south. 243 Because the mean flow in the south is not so strong, it is not able to reverse eddy 244 propagation from its westward motion induced by the  effect as in the Antarctic To explore other possible causes of eddy propagation, Fig. 3a shows the annual mean 249 eddy propagation speed. The most striking pattern is that the eddy propagation speed 250 is accelerated markedly on the northern continental shelf of the NSCS (also can be 251 seen in Fig. 2a and 2d Table 2 , and can be derived along the eddy trajectories. They 277 can be divided into two categories: 1) P1-P6 related to climatology and persistence, 12 i.e., "static predictors", and 2) P7-P8 related to the changing environmental conditions, 279 i.e., "synoptic predictors".
281
The relative contribution of each predictor on each forecast period is illustrated by the 282 normalized regression coefficient ( Table 3) oceanic sciences (Mittermaier, 2008; Müller et al., 2012) , which is defined as As an example, Fig. 5 compares the 1-2 weeks forecast performances of our model 312 (blue) and the persistence method (green) with the observation (red). Generally, the 313 eddy trajectory predicted 1-2 weeks in advance by our model coincides well with the 314 observed trajectory with an overall average error of 27.6 km (week-1) and 42.5 km 315 (week-2), and even the convoluted pattern can be reproduced properly ( Fig. 5 (right) ) 316 though the mean error is slightly larger than the smooth case. In contrast, although the 317 persistence forecast trajectory at week-1 is relatively consistent with the observation 318 ( Fig. 5a and 5b) , the persistence method cannot forecast the eddy trajectories properly 319 when the forecast horizon increases ( Fig. 5c and 5d ). To further compare their 320 differences, their forecast distance errors are normalized with the Rossby radius on 321 each forecast grid over 4-week forecast window, respectively. The correlation 322 between the normalized forecast distance errors of the persistence method and our 323 model decreases from 0.67 at week-1 to 0.38 at week-4. This is consistent with the 324 above judgement and confirms the superiority of our multiple linear regression model 325 over the persistence method. , 2006; Wang et al., 2008; Li et al., 2011) . Two natural questions arise: 1) is there 331 any difference on the model forecast ability between anticyclonic eddies ( Fig. 1a ) and 332 cyclonic eddies (Fig. 1b) ? 2) If so, is there any difference on the forecast ability for 333 one type of eddies in winter ( Fig. 7a and 8a) and summer ( Fig. 7b and 8b) ? This 334 section will explore the different model performances on two types of eddies and 335 during different seasons in the NSCS. is caused by these different trajectory patterns ( Fig. 1a and 1b) , which could be due to 
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In this study, we have investigated the underlying dynamics of the eddy propagation 381 in the NSCS and found their propagation is mainly driven by the combination of the 382 planetary  effect and mean flow advection. In addition, the topographic  effect 383 also has some contribution to the eddy propagation where the bathymetry gradient 384 cannot be neglected, like the steep continental shelf in the NSCS (Fig. 1a ). Note: the total/predicted number of points refers to the eddy positions at 7-day time interval in the whole/predicted eddy trajectories during 1992-2013/2009-2013; 671 the RMSE is the root mean square error between the predicted and the observed longitude (latitude). 672 1
Responses to Referee #1:
The revision of "A simple predictive model for the eddy propagation trajectory in the northern South China Sea" has many responses especially a good statement about the used MCC and the predictors used by the model. However, there are still some issues should be considered before to be published.
Response: Thanks so much for the valuable comments to greatly improve our manuscript. Next our response to each comment will be labeled in blue. 1) One limit of this study is only using the eddies living more than 5 weeks to build and to validate the model. It means the reputation of the model performance is clearly.
In reality, we don't know which eddy will live longer so I think the title and the abstract should clearly state the long-life eddy.
Response: Thanks for the comment. In the global oceans, there are ~177,000 eddies with lifetimes of 4 weeks or longer, and the number of eddies with lifetimes exceeding 16, 26, 52, 78 weeks are 35,891, 17,252, 4,396, 1,494 in the global 16 year satellite altimeter data record (Chelton et al., 2011) . As to the South China Sea (SCS), Chen et al. (2011) found the average lifetime of eddies in the SCS is 8.8 weeks, and specifically, 9.3 weeks for anticyclonic eddies and 8.1 weeks for cyclonic eddies. For lifetimes shorter than 10 weeks, the eddy number declines steeply ( Figure R2 ). There are 24 long-life (22 weeks) anticyclonic eddies and 14 cyclonic eddies in the SCS identified from 17 years of satellite altimeter data. Also, our model performances have been tested between the original eddy tracks with lifetime not shorter than 4 weeks and the filtered eddy tracks with lifetime not shorter than 5 weeks (Table R1) , which shows the forecast results are comparable and verify our predictive model is stable and almost independent on the eddy lifetimes. Response: Thanks for the comment. The eddy propagation velocities (U_CLIM, V_CLIM) derived by the MCC method is the climatological mean of eddy velocities, which has little difference between the periods of 1992-2013 and 1992-2009. Thus, statistically speaking, the present validation is independent on the time period.
3) P 2 L23-24: "The performance of the proposed model is examined in the NSCS based on twenty years of satellite altimeter data," is not accurate. In fact, the model only was validated by the observations during 2009-2013.
Response: "Twenty years of satellite altimeter data" is corrected to "five years of satellite altimeter data" in the revised manuscript. 4) As a reference, the traditional persistence model for eddy trajectory would be first evaluated in the SCS. One possible reason is the limits of coastline and the topography, this persistence model clearly is not appropriate. In other words, two regression models respectively considering the four predictors (P1-P4) and six predictors (P1-P6) will be useful to estimate the impacts of these predictors by comparing the forecast errors.
Response: Thanks for the suggestion. We follow this suggestion and build two regression models considering the four predictors (P1-P4) and six predictors (P1-P6), respectively. The comparison of forecast errors between these two models and our model is shown in Table R2 . It indicates the relative contribution of each predictor on each forecast period, which is already illustrated by the normalized regression coefficients of Table 3 (the last paragraph of Section 3.2). Response: Thanks for the comment. The persistence method is a benchmark comparison and reference forecast widely accepted in the atmospheric and oceanic sciences (Mittermaier, 2008; Müller et al., 2012) , which is defined as
where  is any parameter, and t is a distance time step. We add these explaining text and two references in this paragraph to make it clear. 6) Figure 5 needs to show the same positions like for observing and persistence at begin which help the reader know the trajectory direction.
Response: Good suggestion. We add a solid triangle at the ending position of each trajectory to show the trajectory direction in Figure 5 
